Introduction
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Aquaculture production is becoming increasingly reliant on the replacement of fishmeal 43 with a combination of plant meals in feeds (Gatlin, et al., 2007) . Already the use of terrestrial 44 plant-derived raw materials in fish feeds is common place (Aslaksen et al., 2007; Gatlin et al., 45 2007; Hardy, 2010) . Plant materials have recognised benefits including a reduction in 46 formulation costs and improved functional characteristics (Krogdahl et al., 2010; Glencross et al., 2010) . Less understood are the anti-nutritional effects caused by the introduction of non-48 starch polysaccharides (NSP) that are present in the carbohydrate fraction of many of these plant 49 materials. The NSP content of many plant materials is recognised as a key factor which has 50 been shown to affect the nutritional variability among these materials being fed to fish 51 (Glencross et al., 2008 (Glencross et al., , 2012a 2012b) . 52 Fish, like most monogastrics are generally capable of some level of starch digestion 53 (Bergot and Breque, 1983; Amirkolaie et al., 2006; Enes et al., 2008; Moreira et al., 2008; 54 Glencross et al., 2012a). However, it is the presence of the plant cell wall derived NSP's which 55 has caused many complications due largely to their indigestible nature (Kraugerud et al., 2007; 56 Hansen and Storebakken, 2007; Glencross, 2009 ). The non-nutritive value of most NSP's means 57 they act largely as a bulking agent, which generally results in a reduction in feed digestibility 58 with increased content in the feed. Although the non-nutritive value of many NSP's is well 59 understood, what is less understood is the anti-nutritional and or interactive effects of the more 60 complex NSP's which lead to a reduction in digestibility which exceeds their level of inclusion 61 (Glencross et al., 2008; 2012b ). An example of this is seen with the presence of lignin in diets of 62 rainbow trout either via inclusion of some plant proteins or as a specific additive (Glencross et 63 al., 2008; 2012b) . With the common practice of blending different plant proteins and 64 carbohydrates, it is therefore becoming increasingly important to consider not only the discrete 2.
Materials and Methods 82
2.1
Diet preparation 83 The experiment design was based on a diet formulation strategy that used a diet-84 substitution approach, although the assessment of the digestible value of those ingredients was 85 not the intent of this experiment (Glencross et al., 2007) . To achieve this, a basal diet was 86 formulated and prepared to include approximately 600 g/kg DM protein, 185 g/kg DM fat and 87 an inert marker (yttrium oxide at 1 g/kg) ( showed a nominal effect on dry matter digestibility.
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The addition of the cellulose + starch blend was observed to make a reduction in dry 198 matter digestibility that was close to commensurate with the level of cellulose addition (Table 1   199 and 4). The cellulose + pectin + starch + lignin blend was observed to make a reduction in dry blend, but lower than the pectin + lignin blend.
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Step wise regression indicated that pectin was the dominant fibre affecting dry matter 226 digestibility, followed by lignin and then cellulose ( is the NSP complexity in these raw materials that is a key cause of nutritional value variability.
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Secondly further research to identify why both pectin and lignin have the effects that the do 311 would be useful to understand the mode of action of these NSP on the digestion of diets by fish. Conference on 'Biotechnologies for quality ', Barcelona, Spain, 20-23 October 2004. pp475-476. Dry matter  937  944  920  944  932  937  937  941  929  919  934  923  Protein  637  499  488  513  518  501  515  519  501  515  474  519  Lipid  197  189  157  177  174  171  150  171  167  151  163  161  Ash  155  124  130  121  157  129  125  141  129  128  143  135  Total Carbohydrates  11  188  226  190  151  200  209  170  204  206  220  185  -Starch  49  10  15  268  0  28  138  67  224  87  300  156  -ADF  45  181  34  51  79  106  135  125  58  74  77  99  -NDF  33  177  26  39  63  96  128  115  45  63  68  92  -Lignin  6  11  8  3  29  5  0  16  1  9  11  9  -Cellulose  39  170  26  47  50  100  135  109  57  65  66 
